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COMPLETE SPECIFICATION 

Purifying Phenols 



We, Universal Oil Products Company, 
a corporation organized under the laws of the 
State of Delaware, United States of America, 
of No. 30 Algonquin Road, Des Plaines, 
Illinois, United States of America, do hereby 
declare the invention, for which we pray that 
a Patent may be granted to us, and the method 
by which it is to be performed, to be parti- 
cularly described in and by the following 
Statement: — 

This invention relates to the purification of 
a phenol produced by die acid-catalyzed 
cleavage of the hydroperoxide resulting from 
the oxidation of a secondary aikyl aromatic 
hydrocarbon, and particularly to the purifica- 
tion of phenol produced by acid cleavage of the 
hydroperoxide resulting from the oxidation of 
cumene. 

Phenol is prepared by the partial oxidation 
of cumene to cumene hydro-peroxide followed 
by acid catalyzed cleavage of the hydro- 
peroxide to form a cleavage reaction mixture 
containing phenol, acetone and unreacted 
cumene. The cleavage reaction mixture is 
neutralized and thereafter fractionated to 
separate the phenol product from the higher 
and lower boiling constituents of the cleavage 
reaction mixture. Even with an efficient frac- 
tionation column the phenol fraction contains 
small but detrimental amounts of impurities 
formed during the oxidation, cleavage, and 
phenol separation sequence. The impurities 
remaining in the phenol fraction comprise car- 
bonyl compounds including diacetone alcohol, 
hydroxy acetone, acetone trimers and prin- 
cipally the acetone condensation product 
•mesityl oxide which is practically in- 
sep arable frn tn thp phenol by simple 



distillation methods. The carbonyl com- 
pounds art detrimental in even small 
amounts because they have color-form- 
ing tendencies which render the phenol pro- 
duct unacceptable for many commercial appli- 
cations- 
It is ah object of this invention to substan- 
tially eliminate the . impurities comprising car- 
bonyl compounds from a phenol fraction re- 
covered from a reaction mixture resulting from 
the acid cleavage of the hydroperoxide result- 
ing from the oxidation of a secondary aikyl 
aromatic hydrocarbon, particularly cumene. 

The production of phenol by the partial 
oxidation of cumene to cumene hydroperoxide 
and subsequent acid cleavage of the hydro- 
peroxide to phenol and acetone is well known 
to the art The process has been applied to 
the production of phenols in general wherein 
a secondary aikyl aromatic hydrocarbon cor- 
responding to the desired phenol is oxidized 
to the hydroperoxide which is subsequently 
cleaved to form the desired phenol and an 
aliphatic ketone. While the present description 
is. principally with reference to the purification 
of the phenol fraction recovered from a re- 
action mixture resulting from the acid cleavage 
of the hydro-peroxide resulting from the 
oxidation of cumene, the process may also be 
utilized to eliminate impurities comprising car- 
bonyl compounds from a phenol fraction 
recovered from a reaction mixture resulting 
from the acid cleavage of the hydroperoxide 
oxidation product of a secondary aikyl aroma- 
tic hydrocarbon, for example, o - isopropyl- 
toluene, m - isopropyltoluene, p - isopropyl- 
toluene, p - diisopropylbenzene, sec - butyl- 
benzene and - isopropylnaphthalene. 
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The present invention relates to a process 
for the purification of a phenol which has 
been prepared by the steps of partial oxida- 
tion of a secondary alkyl aromatic hydro car- 
5 bon to form an alpha hydroperoxy derivative 
thereof, acid - catalyzed cleavage of said deri- 
vative to form a phenol and an aliphatic 
ketone, neutralization of the cleavage reaction 
mixture, and separation from the neutralized 

10 reaction mixture of a fraction containing the 
phenol and impurities comprising carbonyl 
compounds, characterized in that at least a 
portion of said impurities comprising carbonyl 
compounds are separated from the phenol 

15 fraction by admixing H s O with the fraction, 
contacting the resultant mixture at a tempera- 
ture in trie range of from 150 to 250° C with 
particles of a catalytic composition consisting 
of silica - alurnina7~sllica - zirconia ~or~siiica~ 

20 al umina - zirconia containing from 70 to 90% 
by weight of silica thereby converting said 
carbonyl compounds to compounds having 
lower boiling points, and distilling said com- 
pounds from the phenol. 

25 Other objects and embodiments of this in- 
vention will become apparent in the following 
detailed specification. 

In accordance with the present process, 
water or steam is admixed with the phenol 

30 fraction recovered from the cleavage reaction 
mixture and the water-phenol mixture is con- 
tacted with the catalytic composition at a 
temperature of from 150 to 250° C The 
water-phenol mixture should comprise at least 

35 from 0.1 to 20 wt% water, or steam corres- 
ponding to an equivalent amount of water. 
The phenol is preferably treated in the liquid 
phase although some vapor phase phenol is 
usually present. The optimum contact time is, 

40 of course, determined in part by the particu- 
lar temperature employed and in part by the 
catalytic composition employed. A contact 
time equivalent to a liquid hourly space 
velocity of from 0.1 to 5.0, and preferably 

45 from 0.2 to 2.0, is suitable. A pressure in the 
range of from atmospheric to 17 atmospheres 
is usually employed although the exact pres- 
sure is not critical. 

The catalytic compositions useful in effect- 

50 ing the process of this invention particularly 
include silica-alumina compositions. The 
silica-alumina compositions include the alumi- 
num silicate clays of the bentonite type which 
have been activated by acid treatment. How- 

55 ever, the synthetically prepared silica-alumina 
compositions comprising by weight from 70% 
to 90%, silica are preferred catalytic composi- 
tions. These compositions are readily prepared 
by methods known to the art. One such method 

60 comprises copredpitation or cogellation of 
silica and alumina from a common solution. 
. For ex ample, aq ueous solutions of sod ium 
silicate (common water glass) and aluminum 
sulfate are mixed together and sufficient acid, 

65 such as hydrochloric or sulfuric acid, is added 



thereto to form a precipitate or gel. Another 
method comprises impregnating a silica gel 
with a suitable aluminum compound which is 
subsequently convertible to alumina. • For 
example, aluminum hydroxide is precipitated 
from an aqueous solution of a suitable 
aluminum salt, such as aluminum sulfate, in 
the presence of silica gel immersed in the 
solution. The resulting composite is thereafter 
heated at elevated temperature and the im- 
pregnated hydroxide converted to alumina by 
thermal decomposition. Alternatively, the silica 
gel can be impregnated with a decomposable 
aluminum salt which will forrn^ alumina on 
subsequent heating. Aluminum nitrate is suit- 
able for this purpose and can be impregnated 
on the silica gel by immersing the gel in an 
aqueous solution of aluminum nitrate. 
Tbencomporition^f-siHca-an^ 



pared by methods such as are set out above, is 
generally water-washed to remove soluble 
salts therefrom and thereafter dried, usually 
at a temperature of from 95° C to 200° C. 
The composition is thereafter subjected to cal- 
cination at a temperature of at least 475° C, 
and generally at a temperature of at least 
475° C to 800° C. A particularly preferred 
temperature is in the range of from 600° C 
to 700° C. Calcination can be effected in any 
suitable atmosphere. Usually calcination is 
effected in the presence of air or other oxidiz- 
ing media although calcination may also be 
effected in a reducing atmosphere such as 
hydrogen, or an inert atmosphere such as nitro- 
gen. ^ .. 

Although silica-alumina is a preferred cata- 
lytic composition, certain other compositions 
namely, silica - zirconia, and silica. - alumina- 
zirconia con taining from 70 to 90% by weight 
of silica exhibit desirable catalytic characteris- 
tics and may be utilized. 

The treatment of the phenol fraction with 
water in contact with, for example, the silica- 
alumina catalyst, and separation of the car- 
bonyl compound conversion products from the 
phenol, may be carried out in two separate 
steps or in one and the same .step. By the 
process herein described, the impurities com- 
prising carbonyl compounds are converted to 
lower boiling conversion products readily dis- 
tillable from the phenol, or separable there^ 
from by means of a stripping gas such as nitron 
gen, or by a combination of both stripping and 
distillation. Other impurities which may be 
present are incidentally separated pursuant to 
the present process. For example, in the 
separation of excess water from the phenol by 
dist ill a tion methods, methyl-benzofuran, 
generally present in at least trace amounts, is 
recovered as a portion of the steam distillate. 
Purification of crude phenol by condensation 
of the impurities containe d therein with the 
requisite amount of the phenol product has 
previously been proposed. Thus, in UX. 
Patent Specification No. 865,677 there is des- 
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cribed and claimed the process for the purifi- 
cation of phenol derived from cumene and con- 
taining colour-forming impurities incl udin g 
aliphatic « - hydroxy carbonyl compounds, 
which process comprises subjecting the im- 
pure phenol at an elevated temperature to 
conditions which will cause the substantially 
complete condensation of the aliphatic «- 
hydroxy carbonyl compounds with phenol to 
form benzofurans, and separating the phenol 
substantially completely from the benzofurans. 
By the process of the present invention the 
carbonyl impurities are hydrolysed by the 
water added to the mixture prior to contact 
with the catalyst. 

The following examples are presented to 
illustrate the process of mis invention. 

Examples I & II 
Phenol, fractionally distilled from a 
neutralized cumene hydroperoxide cleavage 
reaction mixture, was analyzed by gas-liquid 
chromatography and found, to contain mesityl 
oxide. The phenol, commingled with steam, 
was charged to a vertical tubular reactor con* 
mining 200 cubic centimeters, or 120 grams, 
of 3.2 mm silica-alumina pellets comprising 
88% by weight silica and 12% alumina dis- 
posed in a fixed bed therein. The reactor was 
maintained at about atmospheric pressure and 
at a temperature of 190° C, and the phenol 
and steam rates were adjusted to give streams 
.containing variable amounts of water. The 
reactor effluent was continuously withdrawn 
from the reactor and cooled. Analysis of feed 
and products, shown below, indicate substan- 
tial conversion of mesityl oxide to acetone, 
which can be readily removed by distillation. 



Example 



Charge rate, cc/hr. 

Water, wt.% 

Feed Analysis, wt.% 

Acetone 

Mesityl oxide 
Product Analysis, wt.% 

Acetone 

Mesityl oxide 



n 



The reactor was maintained at about 5 atmos- 
pheres and at a temperature of 205°Q Charge 
and product analyses, shown below, again 
show substantial conversion of mesityl oxide to 
acetone^ and also, show formation of other 
miscellaneous compounds more volatile than 
phenol,- which again are removable by distilla- 
tion. 



Example 



Feed Analysis, wt.% 

Acetone 
• Mesityl oxide 

Miscellaneous 
Product Analysis, wt.% 

Acetone 

Mesityl oxide 

Miscellaneous 



ni 

.0036 
.1489 
.0915 

.1788 
.0063 
.1349 



IV 

.0036 
.1489 
.0915 

.1606 
.0067 
.1868 



Example V 
A phenol fraction recovered by distillation 
of a neutralized cumene hydroperoxide 
cleavage reaction mixture and containing ace- 
tone polymers was converted to a phenol pro- 
duct containing separable impurities utilizing 
a silica - zirconia composition comprising by 
weight about 90%. silica as the catalyst. 200 
cubic centimeters of catalyst in the form of 
3.2 mm spheres was disposed in a fixed bed 
of a vertical tubular reactor. The phenol was 
charged to the reactor together with steam so 
as to form a water-phenol charge containing 
about 5 wt.% water. The water-phenol was 
charged at a liquid hourly space velocity of 
approximately 1, the reactor being main- 
tained at a temperature of about 190° C at 
a pressure of about 3.4 atmospheres. The re- 
actor effluent was recovered and analyzed, as 
shown below. 



40 


100 


Feed Analysis, wt.% 




2.0 


5.0 


Acetone 


.01 




Mesityl oxide 


.16 


.0010 


.0010 


Miscellaneous 


.14 


.1940 


.1940 


Product Analysis, wt.% 
Acetone 


.18 


.1467 


.1193 


Mesityl oxide 


.01 


.0060 


.0041 


Miscellaneous 
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Example III & IV 
A phenol fraction recovered by distillation 

50 of a neutralized cumene hydroperoxide 
cleavage reaction mixture and containing car- 
bonyl impurities, principally mesityl oxide but 
also diacetone alcohol, hydroxy acetone and 
acetone trimer, was treated to convert complex 

55 carbonyl compounds to acetone. The phenol 
fraction was combined with about 10 wt.% 
water. The phenol was then charged through a 
steam heated line to a vertical tubular reactor 
at a liquid hourly space velocity of 0.5, the 

60 reactor containing 100 cubic centimeters of 
siHca-alumina pellets comprising 76% by 
weight silica and 24% alumina in a fixed bed. 



A less precise method of analysis was used 
in this example. Again, however, conversion of 110 
mesityl oxide to acetone is nearly complete. 

WHAT WE CLAIM IS: — 

1. A process for the purification of a phenol 
which has been prepared by the steps of par- 
tial oxidation of a secondary alkyl aromatic 115 
hydrocarbon to form an alpha hydroperoxy 
derivative thereof, acid-catalyzed cleavage of 
said derivative to form a phenol and an 
aliphatic ketone, neutralization of the cleavage 
reaction mixture, and separation from the 120 
neutralized reaction mixture of a fraction con- 
taining the phenol and impurities comprising 
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carbonyl compounds, characterized in that at 
least a portion of said impurities comprising 
carbonyl compounds is separated from the 
phenol fraction by admixing H 2 0 with the 

5 fraction., contacting the resultant mixture at 
a temperature of from 150 to 250° C with 
particles of a catalytic composition consisting 
of silica - alumina, silica - zirconia, or silica- 
alumina - zirconia, containing from 70 / to 

10 90% by weight of silica thereby converting 
said carbonyl compounds to compounds having 
lower boiling points, and distilling said com- 
pounds from the phenol. 

2. Process as claimed in claim 1, charac- 

15 terized in that the phenol fraction admixed 
with H 2 0 is contacted with particles of a 
catalytic composition consisting of silica and 
alumina which contains from 70 to 90% by 
weight of silica. 

20 3. Process as claimed in one of the claims 
1 and 2, characterized in that the phenol frac- 
tion to be purified has been recovered from the 



reaction mixture resulting from the acid 
cleavage of the hydroperoxide produced by 
the oxidation of cumene. 

4. Process as claimed in ne of the c laims 
1 to 3, characterized in that the phenol fraction 
to be purified is admixed with from 0.1 to 
20 wt.% H 2 0. 

5. Process as claimed in one of the claims 
1 to 4, characterized in that the mixture of 
H 2 0 and the phenol fraction to be purified 
is passed into contact with the catalytic com- 
position at a liquid hourly space velocity of 
from 0.1 to 5.0. 

6. Process for the purification of a phenol 
prepared from a secondary alkyl aromatic 
hydrocarbon, substantially as described. 

J. Y. & G. W. JOHNSON, 
Furnival House, 
14-18, High Holborn, 
London, W.C.1. 
Chartered Patent Agents, 
Agents for the Applicants. 
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Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from 

which copies may be obtained. 
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